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ABSTRACT
The percentage of coral cover over the Northern Caribbean remains generally low in comparison 
to pre-1960s status, with an average of approximately 20%. Some sites in most countries of the 
node have high coral cover of 30-50%, whereas other sites are much lower, 3-10%. There has 
been little change in Bermuda since 2002, while Jamaica reports modest improvement and 
Cayman shows some decline since 1997. In other countries there is no evidence of either a 
decline or improvement since 2002. Data were obtained from Haiti for the ﬁrst time. The causes 
of coral mortality in the region include disease (Bahamas, Cuba), bleaching (Cayman), pollution 
(near Havana, Cuba) and overgrowth by algae (Cuba). All countries continue to report signiﬁcant 
threats to coral reefs including: local impacts such as over-ﬁshing and land-based sources of 
pollution; and regional or global factors such as coral bleaching and disease. Over-ﬁshing is 
considered to be the major cause of the high cover of macro-algae on these reefs because of 
the removal of herbivorous ﬁshes such as parrotﬁsh and doctorﬁsh. Fishing intensity, however, 
varies considerably over the region, with the lowest in Bermuda and Cayman, and highest in 
Jamaica and Haiti. National capacity to implement and enforce ﬁsheries regulations appears 
inversely proportional to ﬁshing intensity. Most countries have adequate legislation (with 
signiﬁcant exceptions) but enforcement is inadequate or lacking. Many MPAs lack adequate 
management. Although progress in coastal management is being made in most countries, poor 
ﬁnancial resources often impede the implementation of laws and policies.
100 Years ago: Healthy reefs were dominated in shallow water by species of Acropora. Corals 
were the dominant organisms and provided a three-dimensional habitat with numerous hiding 
places. Plentiful herbivorous ﬁshes and the sea urchin, Diadema controlled the ﬂeshy algae. 
Predatory reef ﬁshes such as snappers and groupers were numerous.
In 1994: Reefs were variable across the region with Acropora spp. often greatly reduced. 
Dominance had shifted away from corals to macro-algae and Diadema were scarce. Several 
new coral diseases had appeared, coral bleaching had occurred and land based pollution was 
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evident in many places. Over-ﬁshing was occurring in some countries, with herbivorous ﬁshes 
often targeted.
In 2004: Reefs continue to lack abundant Acropora coral cover, and diseases, bleaching and 
pollution are still occurring. Patchy recovery of Diadema is occurring but algae still dominate 
many reefs. Fishing is still intense; some grouper populations are virtually extinct, and in some 
countries few large ﬁshes of any species can be found.
Predictions for 2014: Corals will not recover their dominance on most reefs due to diseases, 
bleaching and land-based pollution. There will be some recovery where integrated coastal 
management is implemented. Populations of fast-growing ﬁsh will recover in MPAs with 
effective no-take zones, but groupers will still be scarce.
INTRODUCTION
Reports of the state of Caribbean reefs from the 1940s to the 1970s suggest a period of relative 
stability, with coral cover generally above 50% and with the shallow reefs dominated by two 
species of Acropora – A. palmata around the reef crest and A. cervicornis on the shallow fore-
reef slopes. Both species are abundant in coral sediments and as fossils, suggesting that they 
had dominated the reefs for a considerable length of time. Reef algae were mainly in the form 
of ‘turfs’ and calcareous algae like Halimeda spp. and encrusting red algae; the sea urchin 
Diadema antillarum was an important grazer. While some countries showed signs of over-
ﬁshing, groupers and large parrotﬁsh could be found on most reefs.
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Status of Coral Reefs of the North Caribbean
Caribbean reefs suffered signiﬁcant decline during the 1980s due to a range of damaging stresses. 
These included apparently new coral diseases (especially the rapidly lethal white-band disease 
of the Acropora spp.), mass mortality of Diadema (1983-4), which reduced grazing pressure 
on the benthic algae, and over-ﬁshing, especially of herbivorous ﬁshes. The massive reduction 
in grazing pressure on the macro-algae meant that they were able to proliferate and overgrow 
reefs. Macro-algae (ﬂeshy and calcareous) became the most important space occupiers on 
reefs, reaching a cover of 50 to 80%. Sporadic coral bleaching events from the 1980s onwards 
have caused additional stress, which may have led to increases in coral mortality. A further 
decline in the health of the coral reefs was due to nutrient and sediment pollution from land-
based sources and destruction of habitats due to increasing human populations and economic 
pressures on the coastal zone. This suite of negative factors has meant that Caribbean reefs 
have often failed to recover signiﬁcantly after being damaged by hurricanes.
These degraded reefs are unable to provide important services such as ﬁsheries, tourism and 
coastal protection. Subsistence ﬁshing is still the mainstay of the low-income coastal populations. 
The growth in the tourism industry has provided some alternative employment opportunities, 
but this has not been enough to reduce ﬁshing pressure in the face of rapid population growth. 
The populations in many countries increased by more than 50% between 1980 and 2000. 
Tourism also has unwanted environmental and social impacts, such as the depletion of natural 
resources, increased pollution levels, and physical damage due to unwise coastal developments 
and urban migration into areas around tourist resorts in the search for employment.
These Caribbean countries (Bahamas, Bermuda, Cayman Islands, Cuba, Dominican Republic, 
Haiti, Jamaica, Turks and Caicos) all face the challenge of generating foreign exchange and 
increasing economic activity, while maintaining the integrity of their ecosystems (wetlands, 
forests, marine reserves). Carefully considered policies on the use of these resources is required. 
Tourism is a major Caribbean industry, which is expected to expand, but it depends largely on 
the health of the coasts and particularly coral reefs. Therefore conservation and any necessary 
restoration of the reefs should be a high priority in policy development in the region. Many of 
these countries will need assistance to achieve these goals.
This report follows earlier status reports and we have attempted to give updates and new 
information rather than to repeat already published material. Where no new information was 
received from a particular country, no report is given. 
GEOGRAPHIC REEF COVERAGE AND EXTENT
Bahamas
The Bahamas with a total surface area of 13,880 km2, comprise 13 major islands and 700 
smaller islands and cays on 2 large, shallow banks. The islands are aligned northwest to 
southeast covering more than 1,400 km from near Florida to southeast Cuba. The area covered 
is approximately the distance between Puerto Rico and Trinidad and Tobago. Coral reefs fringe 
most of the north and east windward coasts and bank edges.
Bermuda
This is an isolated island chain and the most northerly coral reef system in the Atlantic. The 
islands and reefs surround a central shallow lagoon, which contains a complex of shallow, 
highly diverse patch reefs interspersed with seagrass beds and isolated pockets of mangroves.
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Cayman Islands
These islands on the Cayman Ridge extend from southeast Cuba to the Bay of Honduras and are 
ﬂanked by the 6,000 m deep Cayman Trench to the south. Grand Cayman is the largest island, 
followed by Little Cayman and Cayman Brac. These are low-lying limestone platforms with 
narrow island shelves that support proliﬁc coral reefs. 
Cuba
Reefs surround virtually the entire border of the Cuban marine shelf (>98% = approx. 3200 
km) and extend inshore across broad areas. Reef crests in Cuba tend to be more abundant at the 
edge of the 4 broad sections of the Cuban shelf: the Golfo de Guanahacabibes (Northwest Cuba); 
Archipiélago Sabana-Camagüey (central north); Golfo de Ana María-Guacanayabo (southeast); 
and Golfo de Batabanó (southwest). The narrow shelf of the Northeast also has well developed 
reef crests. Inshore patch reefs are dispersed on the northwest (Golfo of Guanahacabibes), 
southwest (Golfo de Batabanó) and southeast (Golfo de Ana María-Guacanayabo) where there 
are unique reefs on muddy substrates.  There are 2 barrier reefs: Archipiélago Los Colorados 
(NW Cuba); and Archipiélago Jardines de la Reina.
Dominican Republic
The land area of 48,484 km2 on the east end of Hispañiola has a coastline of 1,389 km, with 
377 km (27%) of mangroves, and 166 km (11%) of coral reefs. The main coastal features are 
emerged reef terraces and cliffs.
Haiti
The western third of the island of Hispaniola is Haiti with 1,535 km of coastline and a narrow 
continental shelf totaling approximately 5,000 km2. Well-developed coral reefs fringe long 
stretches of coastline, and there are offshore barrier and atoll-like reefs, and ‘walls’ of coral 
along the shelf edge. The highly productive and spectacular reefs are largely unexplored.
Jamaica
The island is in the centre of the Caribbean and the third largest island after Cuba and 
Hispaniola. The marine area of Jamaica is 251,000 km2 with a reef area of 1,240 km2. Well-
developed fringing reefs occur along most of the north and east coasts, while patchy fringing 
reefs grow sporadically on the broader shelf of the south coast. Reefs and corals also grow on 
the neighbouring banks of the Pedro Cays, 70 km to the south, and the Morant Cays, 50 km to 
the southwest. 
Turks and Caicos Islands (TCI)
These consist of low-lying limestone islands that are an extension of the southeastern Bahamas 
Platform. The banks of the TCI are fringed by narrow, discontinuous, shelf-edge reefs dominated 
by corals, algae and gorgonians growing on hard substrate. There are scattered patch reefs, 
sparse seagrass beds, algal plains, coral rubble and bare sand on the centre of the bank. The land 
area is 492 km2 while the marine area is 6,564 km2, with 25% consisting of reefs (1,736 km2). 
Water depth ranges from a few centimetres on the coasts to 20 – 40 m at the reef drop-off.
STATUS OF THE CORAL REEFS
Bahamas
AGRRA surveys off Andros in 1997-8 found mean hard coral cover of 36%, while off Abaco in 
1999 it was 14%. These data are probably more typical of the Bahamas than the CARICOMP 
site of Fernandez Bay Reef, San Salvador which showed a decline in coral cover from 9.6% 
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in 1994 to 4.2% in 2001, then a small increase to 4.7% in 2003. Coral disease was probably 
the cause of the decline. The Bahamas have been hit hard by the loss of Diadema, as there is 
widespread overgrowth by algae as well as frequent disease outbreaks. Air pollution drifting 
from the Southeastern USA may be contributing increased nutrients. 
Bermuda
The reefs remain relatively healthy and stable with no apparent change over the past 10 years. 
Coral cover has remained stable at around 20% at the rim reef sites since 1993. Cover in 
other reef zones may be higher (45-50% on terrace reefs) or lower (10-15% on lagoon patch 
reefs) and is dependent on depth, wave action and turbidity. The CARICOMP site shows a small 
increase from 18% in 2001 to 21% cover in 2002.
Bermuda retains healthy herbivorous ﬁsh populations, which prevent major algal overgrowth, 
despite the Diadema die-off.  The island has also escaped most serious coral bleaching impacts 
as temperatures generally return quickly to normal allowing most species, except Millepora, to 
recover. Widespread bleaching in 2003 affected many species and reduced photosynthesis and 
calciﬁcation. The ﬁre coral, Millepora alcicornis, showed high mortality, but other mortality 
was low and corals recovered when Hurricane Fabian brought cooler seawater.
Cayman Islands
Mean coral cover on Grand Cayman was 25.7% in 1997, but dropped to 15.4% in 2001. 
The decline is probably a result of past bleaching events but coral diseases as well as algal 
overgrowth may also have been important factors. Pollution by nutrients leaching from resorts 
and residential areas may be stimulating algal overgrowth in the coastal waters near the more 
populated parts of the islands.
Cuba
The coral reefs off Havana Bay have been damaged by organic and chemical pollution delivered 
by the Almendares and Quibú rivers, and the underwater sewage out-fall east of the Havana Bay 
entrance. The nutrient enrichment from this pollution favours ﬂeshy and ﬁlamentous algae on 
the reefs near Havana Bay, Río Quibú, Playa El Chivo and near the entrance of Mariel Bay (north-
west end of Havana Province). The diversity of corals, sponges and gorgonians has decreased to 
very low levels on the reefs close to Havana Bay, with the dominant coral being Siderastraea 
radians. The remaining species and low species diversity are indicators of organic pollution. 
Fish diversity and abundance has dropped as a consequence of reduced shelter and available 
food. This situation is made worse by intense pressure from subsistence and recreational 
ﬁshers. A slight recovery was observed recently due to management by the Integrated Coastal 
Management Authority, and reduced port activitiy due to the economic decline.
Extensive AGRRA assessments around Cuba from 1997 to 2003 found that the main causes of 
coral reef decline are diseases and the Diadema antillarum die-off. Cuban coral reefs in the 
Archipiélago Sabana-Camagüey have suffered a gradual decline from disease and competition 
with algae, but the rate has slowed since 1999, with little recent mortality. There has been no 
repeat of the massive mortality of Acropora palmata of 1987 to1992, and there is considerable 
recovery all around Cuba. White plague disease killed the coral Dichocoenia stokesi at the 
Archipiélago Sabana-Camagüey and Havana City coast in the spring of 2001. Average live coral 
cover on Cuban reef crests and shallow reefs is 21% (median = 19%, range = 3 - 71% at 90 
AGRRA sites) and 18% on fore-reefs (median = 17%, range = 3 - 40% at 108 AGRRA sites).
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Dominican Republic
CARICOMP data show that coral cover increased from 8.2% in 2000 to 11.5% in 2001. Reef 
Check surveys in 2004 at Bayahibe showed mean coral cover of 19.4%.
Haiti
The ﬁrst data from Western Haiti were collected in 2003 during Reef Check surveys at sites 60 
km northwest of Port-au-Prince. The reefs appeared to be in reasonable condition, especially 
at shallower sites, with a mean overall percentage hard coral cover of 21.8%. Some sites had 
relatively high algal cover and Diadema densities were generally low, the highest (0.12 per 
m2) being at 5m depth at the island sites. Coral cover ranged from approximately 7% to 50%, 
with the highest being 47% at shallow (4 m) and 52% at the deeper (6 m) sites of Bo wout 
Montrois. Another near shore site, Trou Forban, had coral cover of 21.2% and 15.2% at the 
shallow and deep sites respectively, with high algal cover (26.3% at shallow and 51.8% at deep 
sites). Three Les Arcadins offshore island sites were surveyed: Ti’ Teal had coral cover of 28.1% 
in the shallow and 27.6% in the deep; Ilé Fa had 25.1% (shallow) and 6.0% (deep) with high 
algal cover (32.8% shallow, 74% deep). Large mats of the alga Lobophora variegata occurred 
at the deeper site. Ilé Sud was the most affected of the Les Arcadins, but only one survey was 
completed at 4 m, with 12.8% coral cover and 39.6% algal cover. Coral disease and bleaching 
were relatively scarce, even though elevated seawater temperatures of 30
o
C were recorded.
Jamaica
The estimated live hard coral cover of more than 50% in the 1970s had declined to less than 
5% in some places by the early 1990s. However, cover had increased to 10 to 15% at 5-15m 
depths at several sites near Discovery Bay by the late 1990s, and reached a mean of 12.5% in 
2000 at 60 AGRRA sites at 10m depth on the north coast.  Increases in coral cover coincided 
with increases in Diadema abundance near Discovery Bay and elsewhere, but the recovery of 
Diadema is patchy and restricted to shallow water. 
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There has been a dramatic decline in coral cover on the coral reefs of Archipiélago Sabana-
Camagüey, north central Cuba over the last 10 years due to coral disease, bleaching and algal 
overgrowth.
457
Status of Coral Reefs of the North Caribbean
Since 2002, Reef Check has established monitoring sites at several locations around the island 
including Negril, Westmoreland; Boscobel, St. Mary; Drunkenman’s Cay, Port Royal; and on 
several cays of the Portland Bight Protected Area. An overall improvement in coral cover has 
been observed; e.g. at the Channel Edge Reef in Boscobel, on the north coast coral cover was 
34% at 3 m and 42% at 10 m. Coral cover on the south coast ranged from 5 – 33% in the 
Portland Bight Protected Area and up to 46% at Drunkenman’s Cay near Port Royal. 
Turks and Caicos Islands
Reef condition across the Islands is quite similar, although there are variations in human 
pressures, with the most evident being ﬁ shing, boat grounding, diving/snorkeling damage and 
sediments and nutrient outﬂ ow from coastal development. Live coral cover on Providenciales 
ranges from 6 – 36%, with extremely low macro-algal cover. The near shore patch reefs have 
many isolated coral heads of Montastrea sp. and Diploria sp. and a high cover of gorgonians. 
Similarly the dominant corals at South Caicos include Montastrea sp., Siderastrea sp. and 
Porites sp., and macroalgal cover was generally higher than Providenciales. This is probably 
related to greater ﬁ shing activity in South Caicos and localised eutrophication. Grand Turk 
CORAL REEF MONITORING IN HAITI
The ﬁ rst coordinated monitoring and training exercise in Haiti was conducted at Les 
Arcadins in September 2003- just 12 months before the massive Hurricane Jeanne swept 
over the island.  These surveys provided a brief snapshot over 4 days, but may prove 
invaluable as a baseline of data before a major disturbance. The surveys were part of 
a program of the UNEP Caribbean Environment Program and the International Coral 
Reef Action Network to improve coral reef monitoring in countries of the Northern 
Caribbean node of the GCRMN. A Jamaican team from the Jamaica Coral Reef Monitoring 
Network (JCRMN) led by the Centre for Marine Sciences, University of the West Indies, 
visited Haiti and was hosted by the only NGO in Haiti concerned about the reefs, the 
Foundation pour la Protection de la Biodiversite Marine (FoProBIM). They found that 
the reefs were in reasonably good condition, with the exception of some sites that were 
covered in algae, suggesting nutrient pollution. The team also conducted training in Reef 
Check methods at Les Arcadins and along the nearby coastline. Reefs in the western 
end of Haiti and on small offshore islands had coral cover ranging from 7 to 50%, with 
the Bo wout Montrouis being the best with 47% at 4 m depth, and 52% at 6 m. There is 
evidence that the populations of the sea urchin Diadema antillarum may be recovering, 
with 14.5 per 100 sq m at Ilé Fa and 9 per 100 sq m at Ti’ Teal. Intensive over-ﬁ shing 
was indicated by the scarcity of snappers, groupers and large parrotﬁ sh at all sites. The 
poor economic and security situation in Haiti makes it unlikely that there will be regular 
coral reef monitoring without considerable assistance. There are very few trained divers 
in the country and equipment like scuba dive gear and air compressors are not readily 
available. Moreover there is no tertiary institution in Haiti that focuses on marine science 
education, therefore there is no pool of marine scientists to maintain a program - even if 
funding could be found. It may be some time before the effects of Hurricane Jeanne and 
the massive amounts of sediment washed off the deforested hillsides are known on the 
coral reefs of Haiti. From Dulcie Linton, dulc2001@yahoo.com 
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reefs are in good condition, with average coral cover of 24% (range17 - 33%) and high coral 
species diversity, however, the coral cover at 5 major dive sites has decreased from 32.4% in 
1995 to 21.9% now.  The dominant coral species are Montastrea annularis, M. cavernosa, 
Siderastrea siderea and Agaricia agaricites, with many gorgonians and relatively low algal 
cover (1- 20%).
STATUS OF CORAL REEF FISHERIES
Bahamas
Over-ﬁshing, particularly of spawning aggregations, continues to be a problem throughout the 
Bahamas. Groupers and snappers were rare on San Salvador reefs and wrasses and surgeonﬁshes 
dominated. However, AGRRA data showed that large grouper species were present off Andros 
Island. There has been major recovery of Queen conch populations in areas protected from 
ﬁshing, demonstrating the value of MPAs in protecting breeding stocks. 
Bermuda
Fish populations showed clear effects of over-ﬁshing when the preferred target species were 
rare in ﬁsh trap catches. Trap ﬁshing was banned in 1990 and populations of critical herbivores, 
such as parrotﬁsh increased. However, the ban shifted many commercial ﬁshermen into the 
pelagic ﬁshery. Now populations of smaller reef predators are increasing, as is the larger black 
grouper, Mycteroperca bonaci. The absence of recovery of other larger predators may be 
related to diminished brood stock and a destruction of coastal nursery habitats (seagrasses and 
especially mangroves) since 1900. Destructive ﬁshing practices are not evident in Bermuda, 
and subsistence ﬁshing was not a signiﬁcant source of ﬁsh mortality prior to 1984, when ﬁsh 
traps were restricted to commercial ﬁshers. 
Cayman Islands
The reefs continue to support relatively diverse and abundant ﬁsh assemblages. Previous 
conservation regulations did not prevent over-ﬁshing of high-value species such as conch, lobster 
and grouper, and there was little protection of grouper spawning grounds and turtle nesting sites 
from coastal development. The relevant regulations have been recently amended.
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These data show a wide variation in the amount of live coral cover on reefs around Jamaica. 
These baseline data were gathered during Reef Check monitoring by the Jamaica Coral Reef 
Monitoring Network. 
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Cuba
Better coral reef ﬁsh populations have been reported from Cuba than from other Caribbean 
islands such as Martinique, Guadeloupe and Jamaica. There is higher biomass, species richness 
and average size. Most of the ﬁshing damage has been caused by large-scale and low-selective 
ﬁshing gear (e.g. set nets and trawls), and heavy ﬁshing on spawning aggregations. Predator 
and herbivore ﬁshes, and invertebrates such as lobster, conch and octopus all show some 
declines due to commercial, subsistence and recreational over-ﬁshing and large ﬁsh are quite 
scarce. Fishing pressure is moving from target coral reef ﬁsh (lane snappers, groupers, etc.), 
to other species such as rays (Dasyatis sp.), gray snappers (L. griseus), jacks (Carangidae), 
and grunts (Haemulidae). Shark ﬁshing has also decreased because stocks have been reduced 
due to a long period of sustained over-ﬁshing. Small-scale collection for aquaria is ofﬁcially 
supervised. Commercial catches of the Nassau grouper (Epinephelus striatus) have declined 
over the last 20-30 years, with much of the annual catch taken from spawning aggregations, 
resulting in rapid stock depletion. Moreover urban, industrial and tourist developments have 
reduced suitable habitats for juveniles and adults.
Haiti
Densities of indicator ﬁshes were low ranging from 0.5 to 5 per 100 m2 (at all Reef Check sites). 
There were higher ﬁsh counts at Les Arcadins: 5 per 100m2 at Ilé Fa; 3.6 per 100 m2 at Ilé Sud; 
and 1 per 100m2 at Ti’ Teal. The more easily accessible near shore sites of Trou Forban and Bo 
wout Montrois had ﬁsh counts of 0.5 and 0.7 per 100m2 respectively. Grunts were observed 
more often than snappers; few large parrotﬁsh and no large groupers were seen. There were 
many small ﬁshing boats at all sites, indicating very high ﬁshing pressure. 
Jamaica
Intense over-ﬁshing of reef ﬁsh continues around Jamaica with small-mesh traps, nets, lines 
and spearguns used in an unregulated and unrecorded ﬁshery. Only the queen conch and 
lobster ﬁsheries are regulated. There are low population densities of the Reef Check indicator 
groups and these are mostly small and immature ﬁsh. Very few snappers, groupers or large 
parrotﬁsh are evident. The coastal waters, particularly the narrow northern shelf, can only 
support subsistence ﬁshers, whereas the only catches of medium and large sized ﬁsh are made 
on the offshore banks. The most commercially important ﬁshery is queen conch on the offshore 
Pedro Bank, but this ﬁshery has declined and is plagued by poaching from foreign ﬁshing 
vessels. The Fisheries Division of the Ministry of Agriculture is developing a new Fisheries 
Policy and Fisheries Act for Jamaica, to progressively limit access to the reef ﬁsh ﬁshery. It will 
also stipulate minimum mesh sizes for traps and nets.
Turks and Caicos Islands
These reefs support active ﬁsheries for export and the local market, with the main commercial 
species being the queen conch (Strombus gigas) and the spiny lobster (Panulirus argus). Most 
full-time ﬁshermen use hand lines and few are involved in trap ﬁshing.  The main target species 
include grouper, hogﬁsh and snappers, whereas herbivores such as parrotﬁsh and surgeonﬁsh 
are usually thrown back. Most reef ﬁsh are sold in local markets.  Fishing pressure is relatively 
low and reef ﬁsh communities appear to be relatively intact on both the Turks and Caicos 
Banks. In 1999, AGRRA identiﬁed 46 reef ﬁsh, including 7 grouper and 7 parrotﬁsh species. A 
potential reef ﬁsh yield of 70 – 140 kg per km2 has been estimated on TCI Banks, and AGGRA 
report that the average ﬁsh density ranges from less than 2 to more than 14 individual ﬁsh 
per100 m2 for selected families (Pomacanthidae, Cheatodontidae, Balistidae, Acanthuridae, 
Haemulidae, Lutjanidae, Serranidae and Scaridae). Fishermen report that this ﬁgure has 
probably not changed in the past 5 years.
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REEFS AT RISK IN THE CARIBBEAN 2004
The Reefs at Risk in the Caribbean project by the World Resources Institute 
provides decision-makers and the public with information and tools to manage coastal 
habitats more effectively. These reefs are vital natural resources providing ﬁ sh and 
invertebrate food, and protecting shorelines from storms. Most importantly they support 
the largest economic sector of the region -tourism. The project compiles, integrates, and 
disseminates critical information on these precious resources over the entire Caribbean 
region to assist regional and national organizations set priorities for conservation and 
natural resource management. The ﬁ rst task was to map 26,000 square kilometres of 
coral reefs and assess the extent of human activities that stress and damage reefs, and 
determine where reef degradation is expected to occur, or has occurred.  The process 
involved forming partnerships with over 20 organizations and many scientists working in 
the region under the ICRAN and the UNEP Caribbean Environment Program.
Reefs at Risk (R@R) compiled data from many different sources with an emphasis on 
indicators of coral reef condition. Using a geographic information system to help arrange 
the information and identify problems, the threats were divided into 4 broad categories: 
coastal development; watershed-based sediment and pollution; marine-based pollution 
and damage; and over-ﬁ shing. These threats were further categorised into levels of high, 
medium, or low, and calibrated against available data and observed impacts on reefs. The 
results from the 4 indicators are combined to form a single, integrated index of human 
pressure on Caribbean reefs. The key ﬁ ndings from the Caribbean-wide analysis are:
❚❘ The R@R Threat Index indicates that about two thirds (64%) of Caribbean coral 
reefs are threatened by human activities, with the highest threats in the Eastern 
Caribbean, most of the Southern Caribbean, Greater Antilles, Florida Keys, Yucatan, 
and the near-shore parts of the Mesoamerican Barrier Reef in the Southwest 
Caribbean. In these areas, degradation of coral reefs with reduced live coral cover, 
increased algal cover, or reduced species diversity has already occurred, or is likely 
to occur within the next 5 to 10 years.  About one third (33%) of Caribbean coral 
reefs are threatened by coastal development, especially along the coastlines of most 
of the Lesser and Greater Antilles, the Bay Islands in Honduras, along the Florida 
Keys, the Yucatan, and the Southern Caribbean. 
❚❘ Sediments and pollution from land-based sources threaten over one-third (35%) 
of Caribbean coral reefs. The major areas at risk from increased delivery of 
sediments and pollution from agricultural lands were assessed in more than 3,000 
watersheds.  Areas with a large proportion of reefs threatened by these sediments 
and pollution were off Jamaica, Hispaniola, Puerto Rico, the high islands of the 
Lesser Antilles, Belize, Costa Rica, and Panama. Marine-based pollution and direct 
damage from ships threaten 15% of coral reefs across the region, with the highest 
threats in many of the Eastern Caribbean islands, Bermuda, Puerto Rico, Jamaica, 
Panama, Aruba, and the Netherlands Antilles.
❚❘ Over-ﬁ shing threatens over 60% of Caribbean coral reefs. Fishing above sustainable 
levels affects coral reefs by altering the ecological balance of the reef by removing 
breeding stock. The threat was high on almost all narrow coastal shelves close to 
human population centres. 
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❚❘ Diseases and rising sea temperatures threaten to damage coral reefs across the 
Caribbean region. Diseases and warming sea surface temperatures present further 
and growing region-wide threats to Caribbean coral reefs, although this has not 
been assessed in detail in this R@R project. 
❚❘ Ineffective management of protected areas further threatens Caribbean coral 
reefs. With the growth of tourism, ﬁ sheries, and other development in coral reef 
areas, MPAs should be important tools to conserve coral reefs. However, the level 
of protection in the 285 declared MPAs varies considerably across the Caribbean. 
Only 6% of MPAs are managed effectively, and 13% have partially effective 
management. Only 20% of coral reefs are located inside MPAs, and only 4% of 
reefs are in effectively-managed MPAs. 
❚❘ The coastal communities and national economies of the Caribbean region are 
poised to sustain substantial economic losses if current trends in coral reef 
degradation continue. The valuable goods and services that coral reefs provide 
local and national economies are threatened. Coral reef degradation will lead to 
signiﬁ cant economic losses, particularly in the coastal areas of developing countries, 
through loss of ﬁ shing livelihoods, malnutrition due to lack of protein, loss of 
tourism revenues, and increased coastal erosion. The R@R analysis indicates that 
Caribbean coral reefs provided an annual net economic value of US$3,100 million 
to $4,600 million from ﬁ sheries, dive tourism, and shoreline protection services in 
2000:
❚❘ Coral reef-associated ﬁ sheries provide net annual revenues of US$310 million. Coral 
reef degradation could reduce these annual revenues by an estimated 30-45%, or 
US$95 million to $140 million per year by 2015; 
❚❘ Net beneﬁ ts from dive tourism were US$2,100 million per year in 2000. Coral 
reef degradation could result in reduced net beneﬁ ts from dive tourism of US$100 
million to $300 million by 2015; 
❚❘ The value of shoreline protection services provided by Caribbean coral reefs is 
estimated at US$700-$2,200 million per year. Coral degradation and death within 
the next 50 years could result in losses of US$140-$420 million annually.
Conclusions and Recommendations: Actions are required at local, national and international 
scales to: implement better management practices; make ﬁ sheries more sustainable 
and improve yields by protecting breeding stocks; protect reefs from direct damage; 
and integrate conﬂ icting approaches to management in the watersheds and adjacent 
waters around coral reefs.  A wider involvement of the public and stakeholders in the 
management process is essential as is an improved understanding of the importance of 
coral reefs - especially the economic value of coastal ecosystems. Understanding the links 
between human activities and changes in coral reefs is critical to implement the necessary 
changes in management, and strengthen political will and community support for these 
changes. From Lauretta Burke (lauretta@wri.org), Jon Maidens (jmaidens@wri.org) World 
Resources Institute, Washington, DC 20002; details on www.reefsatrisk.wri.org
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ANTHROPOGENIC THREATS TO CORAL REEF BIODIVERSITY
Bahamas
Dredging for marinas and canals is poorly regulated and poses a signiﬁcant problem in the 
Bahamas. Existing regulations are enforced by the Town Planning Act, 1961 because permission 
for the development of land is required, and harbour dredging requires permits from the 
Ministry of Transport. Proposals for gas pipelines crossing the Straits of Florida suggest the 
possibility for future dredging activities.
Bermuda
The most signiﬁcant impacts on the reefs were prior to the 1980s, e.g. there were 13 groundings 
from 1940 to 1984, with 4 of these destroying signiﬁcant reef areas.  Ship groundings were 
eliminated when a 12-mile shipping exclusion zone was introduced for the northern platform. 
The most signiﬁcant impact on Bermuda’s reefs was the dredge/ﬁll operation in 1942 to create 
a military airport, which destroyed large areas of seagrasses and mangroves. Bermuda is the 
third most densely populated place on earth (64,500 people on 56 km2) with annual visitor 
numbers exceeding 8 times the resident population. These large numbers of people together 
with those on cruise ships generate the major pollution threat to the reefs. Household waste 
is incinerated with the resulting ash being disposed of in an inner lagoon; another long-term 
point source of pollution. There is limited sewage treatment and most buildings have single 
septic tanks which discharge through the porous coral rock. Town sewage is discharged through 
submarine outfalls, which are often close to the reefs. Antifouling paint on the 6,500 registered 
vessels poses an additional threat to coral reef animals.  
Cayman Islands
Land-based sources of pollution may be enhancing coral decline through increased resident 
populations and increased tourism. Both of these result in increased sewage and wastes as well 
as additional development. Port development for cruise ships, which currently anchor in the 
coastal zone, will risk sediment deposition on nearby reefs.
Cuba
The main human activities that damage Cuban coral reefs are: land-based organic pollution 
and sedimentation; coral damage from ﬁshing and development; coral disease; and ﬁsh 
stock reduction from commercial, subsistence and recreational ﬁshing of key predators and 
herbivore ﬁshes, which result in algal proliferation. These have exacerbated the effects of the 
Diadema sea urchin die-off in 1983, coral bleaching due to increased temperatures during 
El Niño events, several pathogenic coral diseases and a probable slow nutriﬁcation process 
of oceanic waters in the Caribbean and the Gulf of Mexico. These regional/global factors are 
probably the main causes of coral reef decline in Cuba. About half of the Cuban shelf edge 
(54%) is separated from the mainland by broad areas of shallow water and groups of coral 
islands that prevent local anthropogenic inﬂuences from reaching the reefs. Moreover, much 
of the mainland coast is only slightly urbanised or industrialised, however, watersheds have 
been extensively deforested resulting in increased sediment runoff to the sea. Thus extreme 
pollution only affects coral reefs at a few locations, while some degree of sedimentation seems 
to be more common. The sedimentation from deforestation affects approximately 20% of the 
reefs fringing the Cuban Archipelago, especially where the marine shelf is narrow and nearby 
watersheds are mountainous. Large sediment plumes occur during heavy rains on the east of 
Havana City and east of the entrance to Cienfuegos Bay.
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Haiti
The coastal resources are heavily exploited and inadequately managed. Over-ﬁshing, urban 
and domestic pollution and sediment washed from deforested land during heavy rains are the 
main impacts (recently spectacularly evident during Hurricane Jeanne). The effects of anchor 
damage, trash and destructive ﬁshing practices in 2003 were generally low. 
Jamaica
In addition to over-ﬁshing, Jamaican reefs are stressed by sedimentation from soil erosion 
and coastal developments including road building, nutrient loading from agricultural run-off, 
industrial and domestic efﬂuent and improperly treated sewage. Damage to coral reefs from 
development activities has been both direct and indirect. Mangroves have been removed for 
housing, hotels and roads, while seagrass beds and coral reefs have been removed to widen 
shipping lanes and improve recreational swimming.
Turks and Caicos Islands
These reefs are threatened by human activities, including destructive ﬁshing practices, 
mechanical damage to corals from marine vessels, sedimentation from coastal development 
and various forms of pollution. The use of noxious substances such as household bleach and 
liquid detergent to drive lobsters from their caves has caused extensive damage to the reefs. The 
Fisheries Division of the Department of Environment and Coastal Resources recently increased 
their enforcement capabilities in an effort to curtail such illegal ﬁshing. ‘Ghost ﬁshing’, spear 
ﬁshing, dropping ﬁsh traps on reefs, and ﬁshers damaging coral while free diving, are other 
ﬁsheries-related issues of concern.  
POTENTIAL CLIMATE CHANGE IMPACTS AND RESPONSES
Many of the low-lying island states are highly vulnerable to climate change and the associated 
sea-level rise. This is particularly true for the Bahamas as much of the land area rarely exceeds 
3 to 4 metres above the present mean sea level. Hurricane Ivan (2004) drove storm surges and 
waves right across Grand Cayman. Coastal areas of high islands are also susceptible to ﬂooding 
associated with the combination of sea level rise, heavy rains and storm surge. Some models of 
climate change predict more frequent and more intense hurricanes in the Caribbean region. 
Concurrent weakening of protective coral reefs increases the threat of damage to coastal 
communities from sea level rise and extreme weather events.
Elevated seawater temperatures can cause coral bleaching leading to impaired reproductive 
function and sometimes mortality. The reefs of the Cayman Islands have been most affected by 
coral mortality from bleaching, with coral bleaching also affecting the south coast of Jamaica 
in December 2003, with low mortality. Bermuda also experienced coral bleaching in 2003, with 
minimal mortality. 
MARINE PROTECTED AREAS (MPAS) AND MANAGEMENT CAPACITY
Bahamas
Many of the existing MPAs have no staff, so there is often some poaching. However, there are 
reports that local ﬁshers assist in the protection of MPAs since they understand the beneﬁts of 
protecting ﬁsh stocks. Several new MPAs have been proposed for Andros and at least two are in 
the process of being implemented. 
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Bermuda
In addition to the MPAs reported in 2002, 29 new small no-take MPAs have been designated 
-primarily to protect the reefs from anchor damage and prevent conﬂicts between tourism 
operators and ﬁshermen. Seasonal closures of grouper spawning grounds are particularly 
important. The main spawning aggregation sites have been protected since the 1970s, and 
awareness-raising activities with the ﬁshing communities are focussed on ensuring that 
any new aggregations discovered are protected. Juvenile ﬁshes of the common species are 
recruiting well, but juveniles of depleted species are still rare. The no-take MPAs have not 
made a signiﬁcant contribution to the enhancement of ﬁsh stocks. Antifouling paints with 
Igarol as the active ingredient were banned after it was shown that the compound decreased 
photosynthesis by the algal symbionts of corals.
Cayman Islands
The area from mean low water to 30 m depth on Grand Cayman is closed to all ﬁshing. This 
regulation appears to be respected by both locals and visitors.
Cuba
There were virtually no MPAs in Cuba in 2000. By 2004 there were 30 ofﬁcially-declared MPAs, 
which cover 198,934 ha or 3.5% of the Cuban shelf. These are part of a National System of 
Protected Areas planned to cover 22% of the marine shelf. The 4 reef areas of the shelf have 
signiﬁcant, but as yet, not totally effective management. Agreements are being developed 
between the ﬁshery, conservation and tourism sectors to convert diving sites to ‘no-take areas’. 
Illegal ﬁshing is poorly controlled but may be decreasing. The effectively-managed National 
Park of the Archipiélago Jardines de la Reina now has the best coral reef ﬁsh communities of 
Cuba, with greater ﬁsh biomass, sizes and diversity. More than one third (1100 km long; 198 
sites) of coral reefs bordering the Cuban shelf were assessed by AGRRA between 1999 and 2003, 
with repeat assessment at Archipiélago Sabana-Camagüey. Cuban CARICOMP reef sites have 
not been monitored since 1997 because of critical logistical constraints. However, a network 
of Reef Check monitoring sites are being developed in protected areas, and the Archipiélago 
Sabana-Camagüey area will be systematically monitored under a UNDP/GEF Project.
Dominican Republic
The established MPAs have no protection or management, because the existing laws that govern 
environmental activities are not enforced due to funding and enforcement limitations. 
Haiti
There are no MPAs and only the Foundation pour la Protection de la Biodiversite Marine, 
which is under-funded and under-staffed, attempts to monitor and protect the environment. 
Their efforts were encouraged by visiting scientists from Jamaica using UNEP funds aimed at 
building capacity in Haiti. This resulted in Reef Check training and monitoring at 5 sites.
Jamaica
The Government has attempted to prevent the degradation of the marine and terrestrial 
environment by establishing natural areas for special protection under the Natural Resources 
Conservation Authority Act. It aims to create 14 terrestrial, marine and integrated protected 
areas covering 25% of the island and 50% of the shallow shelf to 20 m. This vision has not 
yet been realized. Capacity in coral reef monitoring has increased since 2002, with more 
enthusiasm from Jamaican divers. Funding for training was obtained from UNEP, using the 
GCRMN and Reef Check as leverage and the Jamaica Coral Reef Monitoring Network started in 
2003. They monitored reefs in MPAs, especially the Portland Bight Protected Area and on the 
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south coasts where few surveys had been conducted previously. Funding from ICRI in 2004 will 
stimulate more monitoring of ﬁsh, invertebrates and corals of the Portland Bight Protected 
Area, and will strengthen the capacity of the local NGO responsible for managing the area. 
Turks and Caicos Islands
There are 34 Protected Areas in the Islands (11 National Parks, 11 Nature Reserves, 6 Historical 
Sites, 4 Sanctuaries, and 1 Fisheries Reserve), with 19 having marine or coral reef resources. 
However, these provide protection for less than 10% of the coral reefs. Protected area management 
has increased from about 2% in 1992 to 20 to 30% in 2003, and the Fisheries Division of 
the Department of Environment and Coastal Resources intends expanding management to 
all 34 Protected Areas. Reef monitoring capacity has been limited and activities were mostly 
conducted by visiting researchers. In 2001, the Department hired a consultant to monitor 
near-shore patch reefs that were being damaged by snorkelers, and monitoring capacity has 
increased with 24 monitoring sites established. Training in Reef Check has also been offered to 
park wardens, ﬁsheries ofﬁcers, local dive operators and other volunteers. 
GOVERNMENT LEGISLATION AND POLICY ON REEF CONSERVATION
Bahamas
Development and implementation of coastal policies and regulation have been ad hoc in 
the Bahamas. National policies, regulations, and enforcement of coastal activities do not 
adequately protect the environmental, social, and economic signiﬁcance of the resources 
for the society. But these coastal resources are recognised as critical for the country, so 
improvements to legislation, regulation, and institutional arrangements are in progress. 
District councils and town councils, under the Local Government Act, 1996, decide on the 
upkeep and maintenance of coastal assets. The Town Planning Act, 1961, authorises coastal 
development while the Coast Protection Act, 1968, is tasked with the protection of the coast 
against erosion and encroachment by the sea. Bahamian ﬁsheries are governed by the Fisheries 
Resources (Jurisdiction and Conservation) Act 1977, which is under revision. There are other 
acts covering coastal resources and conservation, thus there is no single agency or legislation 
with responsibility for coastal management.
Bermuda
Legislation to promote reef conservation is under the Fisheries Acts of 1972 and 1990 and the 
Protected Species Act of 2003. These promote the protection of species and their habitats from 
harvesting. Fishery Act management measures include gear restrictions, minimum sizes and bag 
limits, and protection against harvesting of corals, various molluscs, all parrotﬁsh, 6 large grouper 
species and all marine mammals and turtles. A ban on trap ﬁshing was introduced in 1990. 
Cuba
In 1996 the ﬁrst speciﬁc laws for the protection of coral reefs were developed with regulations 
on Fisheries, Black Coral, and Biological Diversity. These regulations prohibited collecting, 
anchoring, dredging, pouring sediments, pollutants and solid wastes, and using explosives in 
the vicinity of coral reefs, with ﬁnes imposed for violations.  Recent environmental laws will 
pave the way for protection and sustainable use of reefs.  The ongoing bans by the Ministry 
of Fishery Industry on the use of set nets (‘tranques’) and bottom trawl (‘chinchorro’) and 
other changes are expected to contribute to the recovery of coral reef ﬁsh communities. 
The Environmental Agency and relevant research institutions are preparing guidelines for 
protecting and sustainably using coral reefs, seagrass beds and mangrove forests. Another area 
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of concern is the damage caused by organic pollution, as there is now raised awareness of the 
damage caused to coral reef health, ﬁsheries and for tourism. Integrated coastal management 
is being implemented in several provinces and municipalities, under the UNDP/GEF Sabana-
Camagüey Project. 
Dominican Republic
Environmental management remains inadequate, in spite of new environmental laws. The major 
limiting factor is a lack of ongoing funding. Similar to other countries, the implementation 
and enforcement of existing policies and laws is more critical than developing new policies 
when there are no ﬁnancial resources for their implementation.
Haiti
The environmental laws are not enforced, due to the instability of the political system. There 
are also no ﬁnancial resources for environmental protection. Marine resource protection is 
the responsibility of the Direction de Peche des Resources Naturelles, Service de Peche et 
Pisciculture (Fisheries Ofﬁce of the Natural Resources Department). Over-ﬁshing and the use of 
damaging ﬁshing practices continue. Haiti has signed the relevant international conventions, 
namely Biodiversity, Climate Change, Desertiﬁcation, Law of the Sea, Marine Dumping and 
Marine Life Conservation, but they have not ratiﬁed the treaties on Hazardous Wastes and 
Nuclear Test Bans.
Jamaica
There are many laws, regulations, and guidelines relevant to the management of ocean and 
coastal resources: the Endangered Species (Conservation and Regulation of Trade) Act (2000) 
protects corals, dolphins and sea turtles; the Beach Control Act (1956); the Fisheries Act (1975); 
and the Wildlife Protection Act (1945) all deal with ﬁsheries management and prohibit the use 
of dynamite, and poisons to kill or injure ﬁsh. Jamaica has signed the Cartegena Convention, 
the Law of the Sea Convention and CITES, with a speciﬁc purpose to protect species such as the 
queen conch (Strombus gigas) and black corals (Antipatharia). New marine policy initiatives in 
the last 3 years include Towards an Ocean and Coastal Zone Management Policy in Jamaica 
and the Biodiversity Policy and Action Plan. However, inadequate funding and manpower for 
monitoring, regulation and enforcement limit the implementation of these laws and policies.
Turks and Caicos Islands
Signiﬁcant steps have been taken to build capacity within the Government to enhance the 
implementation and enforcement of Fisheries and National Parks legislation, and to strengthen 
environmental provisions and improve management of MPAs. In 2003, a strategy and action 
plan (TCI Environment Charter) was approved and Revisions to the Fisheries Ordinance were 
completed, and National Parks Ordinance amendments are in progress.  Endangered Species 
Protection legislation is being prepared to allow the CITES provisions to apply in TCI.  The 
Government also intends to approve the Special Protected Areas and Wildlife (SPAW) and the 
Convention on Biodiversity (CBD) protocols. Coral reef issues were accentuated in late 2003, 
when the islands hosted the ICRI Coordination and Planning Committee meeting, which 
involved many government ofﬁcials.
GAPS IN CURRENT MONITORING AND CONSERVATION CAPACITY
Most countries in the node have similar problems with monitoring and conservation capacity. 
The exceptions are Bermuda and Cayman where capacity, funding and awareness are higher. 
Monitoring is limited by available funds and operational equipment such as boats, but especially 
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by limited human resources. Staff turnover is high because of insufﬁcent remuneration and 
this prevents continuity and sustained data collection. However, awareness has been increased 
by the international concern for coral reefs expressed through ICRI, the GCRMN and the United 
Nations, resulting in more widespread and increased monitoring and conservation.
Outdated laws and inadequate or absent implementation hinder resource conservation. Thus 
the implementation and enforcement of laws and improvement of legislation to prevent 
over-harvesting of reef organisms is a priority requirement. Some governments are ignoring 
immediate environmental concerns in an attempt to achieve economic growth, thus they 
are not implementing integrated land use and coastal management policies to control 
developments that damage coastal resources. Co-management and increased environmental 
education are important to ensure that communities are involved in saving their environments 
and enhancing their livelihoods. In this regard, the function of MPAs in managing over-ﬁshing 
needs to be understood and implemented by ensuring the presence and enforcement of no-take 
zones in MPAs. More formal training in marine sciences and coastal management is needed. 
Progress is evident throughout the region, but is highly variable between countries and reﬂects 
economic prosperity: e.g. Bermuda is in the lead and Haiti is trailing behind.
CONCLUSIONS
Bahamas
Management strategies such as seasonal closures of the grouper ﬁshery are essential for the 
maintenance of sustainable ﬁsh populations.
Bermuda
Coral health and cover have been relatively stable at about 20% for 10 years, and the island’s 
ﬁsheries have beneﬁted from the enforcement of the ban on trap ﬁshing.
Cayman Islands
The coral reefs and the ﬁsh populations are reasonably healthy, however continued protection 
from anthropogenic impacts is required.
Cuba
Regional and global scale stressors are the main causes of coral reef decline in Cuba e.g. 
Diadema mortality, coral diseases, temperature-associated coral bleaching, and probable 
nutriﬁcation of Caribbean waters. Direct anthropogenic effects are more local; e.g. over-ﬁshing 
on speciﬁc reefs such as the Archipelago Sabana-Camagüey and northeastern Cuba and the 
damage caused to reefs off Havana by pollution. A lack of ﬁnancial resources is the main reason 
for inadequate monitoring, enforcement and conservation of Cuban coral reefs.  
Dominican Republic
Enforcement of the existing legislation and an improvement in management capacity are 
required for the reefs to recover.
Haiti
The near shore reefs are severely over-ﬁshed and show excessive algal growth, however there 
have been no comprehensive surveys. Stable governance and funding will greatly improve the 
environmental outlook for Haiti.
Jamaica
Jamaica has become more environmentally aware, but more policy initiatives on integrated 
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coastal management are needed. Unfortunately, the reefs around Jamaica continue to suffer from 
ineffective management and most declared and proposed MPAs remain as ‘paper parks’. Over-
ﬁshing continues to be the major problem and it is essential to implement and enforce the new 
Acts. However, this is dependent on additional ﬁnancial resources. Increased monitoring of the 
reefs on the south coast is required to assist in the formulation of relevant management plans.
Turks and Caicos Islands
Recent monitoring has revealed that the reefs across the islands are quite similar and in 
relatively good condition. However, data from Grand Turk show that coral cover appears to 
have declined over the past decade. There is little evidence of over-ﬁshing, and management is 
being implemented to deal with current problems and prevent future degradation.
PREDICTIONS FOR THE FUTURE OF THE CORAL REEFS
Pessimistic
The pessimistic prediction is that these coral reefs will continue to be damaged by factors 
outside the control of these countries. It is likely that continued global warming will result in 
more frequent and severe bleaching episodes with consequent coral mortality and reduction of 
ﬁtness. New diseases will continue to arise and cause mortality in weakened corals. Diadema 
may suffer a repeat mass mortality while new strains of white band disease continue to prevent 
the recovery of the Acropora spp.  
The coral reefs in countries with high GDP and well-educated populations, will have low (10-
20%) levels of coral cover and an altered species composition. They will probably stop growing 
and protection of the coastline from sea level rise will be reduced. Fish populations will recover 
following implementation of ﬁsheries management, but will be less diverse because of loss of 
coral habitats. However, some commercial species will not recover because of past destruction 
of spawning aggregations and continued unregulated ﬁshing of upstream breeding stocks. 
In countries with lower GDP, where much of the population is poorly educated, and there 
are insufﬁcient employment opportunities, the reefs will experience continued over-ﬁshing, 
sedimentation from poor land use management, and pollution from domestic and other 
sources. Algae, sponges and other heterotrophic ﬁlter-feeding organisms including borers 
will increasingly populate these coral reefs. Coral and ﬁsh communities will be sparse, have 
low diversity, and the ﬁsh will be small and of low commercial value. These reefs will suffer 
bio-erosion and experience negative growth. The protection of the coastline by the reefs will 
decrease leading to serious coastal erosion during storms. The problems will get worse as sea 
levels rise.
Optimistic
The optimistic prediction is that, despite continued global warming and introduction of new 
diseases, corals will adapt both phenotypically and through evolution, with some species 
surviving better than others. Thus in countries with higher GDP and well-managed coastal 
zones, mortality from bleaching and disease will decrease and corals on the reefs will increase 
to at least 50% cover. Reef growth will keep pace with sea level rise, thus continuing to 
provide shoreline protection. Coral species composition may still change, as better adapted 
corals become dominant on the reefs. Fish populations will recover in countries where strong 
ﬁsheries management policies are implemented, and ﬁsheries yields from well-managed stocks 
will be high and stable.
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Countries with lower GDP will not see much change initially, but in the optimistic scenario 
they will progressively diversify and expand their economies and educate and train their 
populations resulting in higher per capita GDP, and better implementation of integrated coastal 
management. The reefs and reef ﬁsh populations in these countries will therefore progressively 
show improvement resulting from improved management and greater environmental awareness. 
Fisheries yields will improve as stocks are better-managed and spawning aggregations reform.
GENERAL CONCLUSIONS
❚❘  Funding remains the major hindrance to coral reef monitoring and conservation in 
the region. 
❚❘  Legislation dealing with coastal environmental management requires both revision 
and effective implementation in most countries of the node. Enforcement of existing 
legislation is critical as over-ﬁshing remains a major problem with poaching a 
growing concern. 
❚❘  Better land use policies are required to curtail anthropogenic impacts and reduce 
pollution from sediments and nutrients.
❚❘  Greater political commitment is needed for forceful policy intervention as well as 
improved planning and management systems.
❚❘  The coral cover on selected reefs appears to be recovering, but increased monitoring 
is required to track these changes.
RECOMMENDATIONS TO IMPROVE CONSERVATION OF CORAL REEF RESOURCES
❚❘  Integrated, multi-disciplinary and multi-sectoral approaches in planning and land 
use are needed to alleviate and pre-empt coastal problems.
❚❘  Economic incentives and alternative sources of employment are required before 
artisanal ﬁshers will respect no-take zones and closed seasons. 
❚❘  Increasing the involvement of ﬁshermen in conservation and research efforts may 
improve compliance. 
❚❘  Designated MPAs need to be actively managed to effectively protect both the 
renewable and non-renewable natural resources.  No-take zones and ﬁsh sanctuaries 
are required and must be enforced.
❚❘  Increased and ongoing environmental education, including economic valuation 
of coastal resources, is essential at all levels of society. This will facilitate more 
responsible use of the marine and coastal resources and foster more appreciation for 
the beneﬁts of integrated coastal area management.
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DESEMBARCO DEL GRANMA, CUBA - WORLD HERITAGE SITE
The Desembarco del Granma National Park, in south-eastern Cuba, was designated 
a World Heritage site in 1999. The site contains most of the key habitats found in the 
region, including seagrass beds, mangroves, and the coral reefs of Cabo Cruz. There 
is a series of sub-marine terraces up to 30 m deep to the west of the park.   The level 
of endemism in the park is globally important, with several species within the park 
boundaries being of conservation concern, including the Caribbean manatee, queen 
conch, and a number of species of marine turtles (loggerhead, green, olive, ridley and 
hawksbill).  The major threats to this site are earthquakes and hurricanes.
 
There is very little tourism in Desembarco del Granma National Park with fewer  than 
1,000 tourists (both foreign and national) visiting each year.  The ﬁrst management 
plan for Desembarco del Granma National Park was approved in 1986, and the plan 
is regularly updated to maintain the conservation status of landscapes and species, 
restore degraded ecosystems, and to promote the recreational use by the public.  The 
updated plan will include all marine ecosystems within the boundaries of the National 
Park and will provide an acceptable level of detail for management activities.  There are 
already established environmental education and outreach programs within the local 
rural populations.
Ecological monitoring: No detailed scientiﬁc research has been conducted.  Monitoring 
is needed to determine the effects on coral reefs of traditional ﬁsheries and efﬂuent 
from nearby towns.
Socio-economic monitoring: At least 900 people live within Desembarco del Granma 
National Park with most of them concentrated in the ﬁshing village of Cabo Cruz. 
However, no monitoring has occurred.
Contact: Centre National des Aires Protégées, Reinaldo Estrada, Calle 18 A n°4114e/41 
y 47, Playa C., Habana, Cuba  (website: http://www.medioambiente.cu).
Coral reefs are 40% of the natural resources: 
Ecological Monitoring is unknown.
Socio-economic Monitoring: is unknown.
WHS
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CIENAGA DE ZAPATA, CUBA - MAN AND THE BIOSPHERE RESERVE
Cienaga de Zapata is one of the largest and best-preserved wetlands in the Caribbean. 
The entire area has been declared a National Multi-use Protected Area, a Provincial Park 
and a UNESCO Man and Biosphere Reserve.  Its core consists of 5 strictly protected 
areas, including Cienaga de Zapata National Park, and 4 other areas have been declared 
Refugios de Fauna or Reserva Florística. There is no management plan, but in the 
future the area is going to be monitored. The site harbours a large number of endemic 
species including the endangered crocodile Crocodylus rhombifer. Several species of 
endemic ﬁshes are found, some of which live in the cave ecosystems of the area. The 
coastal mangroves of the site serve as a nursery for large numbers of juvenile ﬁsh and 
invertebrate species. 
The site is completely owned by the government, as is almost all of the surrounding 
area. There are some private properties outside the site. Of the approximately 9,000 
inhabitants, approximately 40% live in urban areas. Government land is being loaned 
to farmers for subsistence agriculture. Areas around the settlements are being grazed 
on a small scale and there are also state progammes for cultivating rice, citrus fruits 
and other crops. The extraction of wood and the production of charcoal are the main 
sources of employment and income. A small ﬁshing port caters to local needs and bee-
keeping is an important activity. Tourism has recently expanded, creating employment 
for a small part of the population.  Annually, 800,000 domestic and 100,000 international 
tourists visit the site. Preparation of handicrafts is a relatively new activity and there is 
some sport ﬁshing and hunting.
Ecological Monitoring: Water quality, ecology and ﬁsh production are being studied 
and monitored by the ecological station of the Ministry for Science, Technology and 
the Environment. Environmental education courses for several target groups are being 
taught.
Socio-economic Monitoring:  Socio-economic, historical and cultural studies have been 
carried out by different institutes. Tourism and its impacts have also been studied.
Contact: OrganoCITMA, Carretera Playa Larga, Kilomatre 25, Cienaga de Zapata, Prov. 
de Matanzas (Phone: 53-59-5539)
Coral reefs are 20% of the natural resources.
Ecological Monitoring is occasional.
Socio-economic Monitoring is occasional.
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